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Analysis and research on the influence of the relative permittivity of the
earth surface on thunderstorm cloud positioning
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Abstract: The ground surface is not an ideal conductor of a homogeneous medium. The traditional one-dimensional atmospheric electric
field component cannot accurately locate the thunderstorm cloud. When the three-dimensional field intensity component of the
atmospheric electric field is used to locate the thunderstorm cloud, the field strength of the electric field and the altitude angle of the
thunderstorm cloud are often measured. The electric field will be affected by the dielectric constant of the ground and air, resulting in
positioning errors. In order to solve the problem of low positioning accuracy of thunderstorm clouds, this paper analyzes the sensitive
characteristics of the three-dimensional atmospheric electric field to the relative permittivity of the surface, combined with the mirror
image method, and establishes a thunderstorm cloud positioning model using the principles of electric field distribution in the air and the
charge structure of thunderstorm clouds. Analyze the relationship between the atmospheric electric field strength, altitude angle and the
relative permittivity of the environment. The experimental results show that the greater the relative permittivity of the surface, the greater
the measured electric field horizontal component and the height angle of the thunderstorm cloud. The correlation coefficient between the
relative permittivity of the surface and the horizontal component of the atmospheric electric field is =9. 5, showing a negative correlation.
Therefore, to obtain the accurate height and azimuth of the thunderstorm cloud, the relative permittivity of the ground surface must be
corrected in real time.
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P B, 23 I L 37 1 R AT At e o
B LA g, JERD™ AR, Hhse v i L 3 v s L AT g S
PRI BAR AT ¢, LR 2 = 0 i, s
(R

R A
¢ =\ )T
4me \R, R,

X (2)
( q + q,
4me, x + (z - H)? >+ (z+H)?
%’{z <0 H‘J‘,ﬁ%lﬁ%fﬁyﬂ:
1 (q+gq 1 qtyq
¢, = ( ) - : (3)
4me, \ R dme, /.7 ¥ (z-H)’
RIS S
P ‘z=o :Qoz‘z:o (4)
dp dp
£, e =g, =2 (5)
0z |._o 9z .o
HEARBEAR FL AT /N R
£, T &
=— 6
i (6)
€, T &
= 7
= (7)

¥ g, g, FRIXAACAK(2) L (3) A2 AT
FESr B LA, 20 A

¢ =
1 q £, T & q
2 T e + P 3 (8)
dme \/x* + (z - H) €278 /x* + (z+H)
1 2¢e
¢ 1 : (9)

=4w82m32 + g
AR L S S A [ A SO A R AT AR RS



- 190 - LSRR R e o

5536 4%

KT )« oy B 004 B, B, FIEE BT 16 Z
G870 O B /N W

dp
Eo=m— = T ey 4 (- )] -
ox  4me,
&, — &
£¥[x2 +y2 +(z+ H)] (10)
4me, &, *+ &,
de
:—7]: ay [xZ +y2 +(Z_H)2],3/2 _
dy 4me,
&, — &
L¥[xz +y2 +(z+ H)]? (11)
4me, &, + &,
e
Ez=_7l=_ 1 (Z—H)[x2+y2+(z—H)2]’3/2+
0z 4me,
q €7 &

(z+H)[«" +y + (z+H)' ] (12)
4me, &, + &,

Hrfr) o) HEENEEE

P 4 Fr, BAEERIN A0 T4 (a,5,0) R 2
FLT A T 45.(0,0, H) UL F 5 (a,b,0) Zb A =B 5K
INA

2¢e
E = qa 1 (az +bz+H2)—3/2 (13)
Yo dme, e, + &
2¢e
B =10 2 gy (14)
" d4me, e, + &,
H 2¢e
2 q(a2 +b2 +H2)—3/2 (15)

7 dme, &, + &,

A (13) ~ (15) RIS, R0 Br AR A R <L 3 —

A5 sy i KNS PR TR 2B = sl A AL B ARG iR

HFEAXS A FL R B G A ARAS S A b ARG A FL

B (8 AT R I A3 i T T R s A, AT S
IERE R B E L,

|

K4 H R I s A

Fig.4 Schematic diagram of surface atmospheric

electric field measurement

2 WRENNTEZFHEXNERZE MR
S

2.1 HRTEEHNASEIHHERZWMS

1B R WA BRI XA B R OR DN Horp, 28

SRR FL RO 1, ROKAXS A B ROk 81, 3RS
AL E RO 16,
R1 ERMRNBAEX A EEH KN

Table 1 The relative permittivity of common surface media

L AEXT A FL HEL R AEXT A FL HEL
=5 1 + 3 16
IRIKIK 4 HE 12
Wit 3~5 RIK 81
A 4.3 Kkt 1~8
W () 6 ViaAske 5~8
Ve (i) 7 AR 7~9
A (103 ) 8 A= 6.8~8

1 10, Y 3R A R A 3 i SR AE XA
BORT 16,3078 KT 28 A0 i 80, M e 1 v 37 45 2t
E, AT (15) fifeh .

q((lZ +b2 +H2)73/2 (16)

2H
E, =
TE,

AT UL 25 b R XA H B B, an
TEIETF , REEAEXT A B o 5500 T3 5 L 0 B a2 i 2
BN

K(15)H Va® +b* T B 5 R K- 5
iR R RS E 08 E, AT RAN .

_ q¢e, H
_21780(82+81) (R* + HH)?? (17)

A7 ) L KRG aa E, 7T RKE s WL

x .y AR Sy A 1S

E,=.E +E =
(]81 «/(l2 +b2 _

2mey(e, + &) (a> + 0 + H)? -

E,

q€, R
2ne (e, +&,) (R* + H)?? (18)

MR T R AN M F AT A LR R e,
K, FriiAS R 7K - rL 37 43 BN

Srpr(17) L (18) F L, K FR g B, (TEEHAY
e E, KNS e, .6, HRHME,TEE, 5E, HFKKL
KRR SRR ¢ DRSS R e, BEhER,
ok b R AT L H AR &, X — AN A IR AFTE H R A
Ak IK R B B H 5RO IR R R L
H/R VE Rt AR bR B H/R VR Ak br v] LUAE 22 53 B
e, 5 NRE, E, BNER,

TEARI S BRSO R PR T R (17) L (18) , K
SEGIIKFE 0 E, MIEE R E, b R
o H 5K FRGEIEE R (I HE H/R W78k tnfd s
B,

B 53 ilRR T Tt (e,=3) JBEET (s, =6) 10T




%56 14 HFAHXS A B BN R 2 s A i AT SR - 191 -
= E(¢=3) 80
7 0 -e- I (e=3) I
<10°Q o £ (£6) 70
—_ 6 =es E//(&.,ZG) 60 ¢
o5t —~ E(e=15) \
= a- Ey(e=19) 500\
S o4t e
3] 30 +
R 2 ]
e . T, Tren, 20
R S Gl S S o
e o S 9 4y 10
0 02 04 06 08 10 12 14 16

HIRHAR
K5 RS RLE RO HY/R 2O 7K1 R L
N(tte =3, REELe =6 Wigte =15)
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